putative niche, and supply the first evidence for cell migration in the reptilian DL. Together, these data provide new insights into the mechanisms of tooth regeneration in reptiles and reveal a new tooth regeneration process in vertebrates. Future directions include the use of this model to help identify new targets and/or new stem cell based therapeutic approaches for regenerative medicine in humans. 
The lamprey genome provides unique insights into both the deep evolutionary history of vertebrate genomes and the maintenance of genome structure/integrity over development. The lamprey lineage diverged from all other vertebrates approximately 500 million years ago. As such, comparisons between lamprey and other vertebrates permit reconstruction of ancient duplication and rearrangement events that defined the fundamental architecture and gene content of all extant vertebrate genomes. Lamprey also undergoes programmatic changes genome structure that result in the physical elimination of~20% of its genomic DNA (~0.5Gb from a~2 Gb genome) from all somatic cell lineages during early embryonic development. Here, we outline recent progress in assembly and analysis of the lamprey germline genome, and progress in the development of methods for characterizing the cellular events that mediate DNA elimination. We have integrated information from several sampling approaches and sequencing technologies to achieve a highly contiguous assembly of lamprey genome (including: Illumina fragments/mate pairs, 20X coverage in Pacific Biosciences reads, dense meiotic maps and optical mapping data). This genome assembly has dramatically improved our ability to dissect the molecular basis and genetic outcomes of programmed genome rearrangements (PGRs), and has improved our understanding of the tempo and mode of large-scale duplications and translocations within the ancestral vertebrate lineage. Analysis of the germline genome identifies several genes that are expressed in germline but physically eliminated from all somatic tissues. These eliminated genes correspond to several known oncogenes and appear to identify several other novel oncogene candidates. Complementing this assembly, the development of approaches to in situ analysis of 3D preserved cells has revealed that PGR unfolds through a series of dramatic cellular events that involve the programmatic alteration of several fundamental mechanisms of genome maintenance, including: alignment of chromosomes at metaphase, chromatid cohesion, separation and segregation, and nuclear envelope formation. The homology of germ layers, and their evolutionary origin are debated since their discovery. Cnidarians (e.g. sea anemones, jellyfish) develop from two germ layers, the outer ectoderm and the inner endoderm, while bilaterian animals (e.g. flies, worms or vertebrates) possess in addition the intermediate mesoderm. It is currently assumed that the cnidarian endoderm (or 'endomesoderm') shares a common evolutionary origin with both the bilaterian endoderm and mesoderm.
We have tested this hypothesis by studying the fate of germ layers, the localisation of exocrine, nutrient-storing, and insulinergic cell types, and the expression of a large number of 'endodermal' and 'mesodermal' transcription factors in the sea anemone Nematostella vectensis (Anthozoa). We have generated one of the first fate maps of cnidarian germ layers by following transgenically labelled, fluorescent cell patches transplanted onto non-fluorescent, wild-type embryos through development and growth. We have thereby revealed an ectodermal origin of the inner pharynx and the septal filaments, both integral parts of the inner epithelium. Strikingly, we find that this ectodermal tissue displays a developmental transcription factor expression profile (foxA, hhex, islet, soxB1, hlxB9, nkx2.2, tbx2/3, nkx6) and a cell type complement (digestive exocrine, and insulinergic) reminiscent of the developing bilaterian midgut, and especially the vertebrate pancreas. Endodermal derivatives of N. vectensis, instead, display cell functions and transcription factor profiles, which are similar to bilaterian mesoderm-derived tissues, in particular to the somatic gonad and cardiogenic tissue.
Most surprisingly, we thus found no support for a common ancestry of the cnidarian and bilaterian endoderm. Instead, we propose a new model of germ layer evolution, which supports a common origin of bilaterian endoderm and cnidarian pharyngeal ectoderm. The cerebellum is composed of only a few cell types whose stratification within the organ has remained fairly conserved throughout evolution. The classic image of a cerebellum is that of a highly folded structure, though in truth, the complexity of foliation various quite dramatically between species. Reptiles, for example, exhibit a wide range of cerebellar shapes ranging from the simple, relatively flat structures of snakes and turtles, to the larger, multiply folded cerebella of alligators and birds. The contoured appearance of brain tissue is due to the division of different nerve cell progenitors that combine to generate folds and bends. How these differences are generated are likely to be due to the genes that control patterns of cell division.
By comparing the development of different reptile and bird cerebella, we have found that different degrees of foliation correspond to observable differences in proliferation in the transient external granule cell layer. These patterns also correlate with the maturation of Purkinje cells underlying the external granule layer, which serve as a source of signalling factors that influence the behaviour of granule cell precursors.
We have also examined the expression of Atonal1, NeuroD1 and SHH through immunohistochemistry and in situ hybridisation. Our results suggest that precocious expression of NeuroD1 in granule cell precursors is a key factor in attenuating cell division in unfoliated cerebella, and I have knocked down NeuroD1 in turtles by electroporation of shRNA constructs into cultured cerebellar explants to further investigate the function of this gene.
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